The aim of this study was to design new cosmetic formulations containing oils from catolé, licuri and spent coffee grounds, and to evaluate their immediate and long-term effects on skin barrier function and skin hydration. Nonionic oil-in-water (o/w) emulsions were prepared and physicochemically characterized. The effects of the formulations were assessed by volunteers and by measuring the water content of the epidermis (WCE) and transepidermal water loss (TEWL) both two hours and 20 days after daily application. The irritation potential was evaluated using three different methods: the Hen's egg chorioallantoic membrane test (HET-CAM); the observation of undesirable effects after skin formulation application, and by using the L*a*b* system to verify changes in skin coloring. The results obtained showed that the formulations containing 10% of these oils presented promising characteristics in the improvement of hydration and skin barrier function when compared to the baseline values and with the placebo cream. According to the sensory evaluation performed, all creams were found to have great acceptability.
Introduction
Skin moisturizing products generally seek to increase the water content of the stratum corneum, which depends on the barrier properties and the water gradient across the epidermis [1] [2] [3] . High water content in the stratum corneum and low transepidermal water loss (TEWL) are among the main features of healthy skin [3, 4] .
The electrical capacitance method has been the most used among the several methods proposed for the determination of the water content of the epidermis (WCE), because it uses low frequency current and is little affected by temperature and relative humidity [5, 6] .
The evaluation of TEWL is a well-established method in dermatology to assess the integrity of the skin barrier. When skin is damaged, its barrier function is impaired resulting in increased water loss [7, 8] .
TEWL measurements allow observation of disturbances in the protective function of the skin at an early stage even before they are visible. Normal skin allows loss of water only in small amounts. In the case of many topical diseases or dry skin, the loss of water is much greater. The determination of TEWL is also an important support for investigating skin irritation that occurs due to various physical and chemical influences [9] .
Licuri (Syagrus coronata) and catolé (Syagrus cearensis) are Brazilian palm trees from which oils containing a high content of saturated and unsaturated fatty acids (including oleic, linoleic, lauric and palmitic acid) are extracted. These fatty acids give emollient properties when incorporated into topical formulations [10, 11] .
From spent coffee grounds-a residue of coffee from homes and industries-it is possible to extract an oil with a high content of unsaturated fatty acids, predominantly linoleic acid, which makes it an alternative for cosmetic application [12] .
Currently, polyunsaturated fatty acids have been used in the production of cosmetics to improve the appearance and health of the skin. Creams enriched with linoleic acid are especially related to reduction of dryness and problems of desquamation, thus providing brightness and softness to the skin [1] .
Saturated and unsaturated fatty acids are in the natural composition of said oils giving them emollient properties when incorporated into dermocosmetic formulations. Consequently, it is of great importance to investigate the characteristics of these oils, seeking to demonstrate their moisturizing properties and to use these oils as new ingredients with proven efficacy and safety.
Materials and Methods

Test Products
Nonionic o/w creams containing 10% weight/weight (w/w) of oils from licuri (LIC Oil Cream), catolé (CAT Oil Cream), spent coffee grounds (SCOF Oil Cream), sweet almonds (SwA Oil Cream), and one formulation without any oil (No Oil cream) were prepared. Sweet almond oil was used as a positive control. To prepare the creams, the oily and aqueous phases were heated separately to 70 ± 5 • C, maintaining stirring at 1000 rpm for 30 min, then the oily phase was added to the aqueous phase and the system was mixed with constant agitation until the temperature reached 25 • C. The carbomer was neutralized using a sodium hydroxide 20% (w/v) solution. Catolé and licuri oil were extracted from nuts using a hydraulic press. The spent coffee grounds oil was extracted through a Soxhlet extractor.
The compositions of all formulations are shown in Table 1 . 
Physicochemical Characterization of the Creams
The pH of the formulations was determined by the pH 21 pH meter (Hanna, Woonsocket, RI, USA). The viscosity and rheological properties of the creams were determined at ambient temperature using the Digital Viscometer (Rheology (International) Shannon, County Clare, Ireland). The size distribution was measured by light scattering using the Zetasizer™ Nano-ZS90 (Malvern Instruments, Malvern, UK). All samples were analyzed by dilution 1:100 with water.
Subjects
A total of 30 healthy female subjects, 18-40 years old and having Fitzpatrick skin types II, III, and IV, participated in this study after having given their written informed consent. The exclusion criteria were the presence of any dermatitis or other skin or allergic diseases and a smoking habit. Volunteers were instructed not to apply any topical formulations on the test sites for two days before and during the study.
Study Design
The moisturizing power of formulations containing the catolé, licuri and spent coffee grounds was compared to a placebo formulation and the same formulation containing sweet almond oil (SwA Oil Cream). The region selected for the studies was the lower middle portion of the forearms of the volunteers.
The two forearms were subdivided into three regions (16 cm 2 ), where 0.1 g of the formulations containing oils from catolé, licuri, spent coffee grounds, sweet almonds and the placebo formulation were applied, a control area was also evaluated. These regions and the formulations applied therein were randomized among the volunteers in order to minimize the differences between the analyses [6] .
The measurements were carried out in an air-conditioned room, with an ambient temperature of 25 ± 2 • C and relative humidity of 50 ± 5%. The volunteers stayed 15 min in this room before the measurements.
The study was submitted and approved by the Research Ethics Committee of the Federal University of Pernambuco/Brazil, under registration N • 167/11-SISNEP FR-417180 and 16847813.7.0000.5208.
Evaluation of Effects after One Application
For the determination of the immediate effects, the formulations were applied to the forearms of the volunteers, being measured before (baseline) and after 2 h of the single application.
Study of Long-Term Efficacy
For the long-term study, the volunteers took home the formulations that were applied daily for a period of 20 days. The formulations were given to the volunteers in a randomized and anonymous fashion. After 20 days, the volunteers returned to the laboratory to perform new measurements.
The volunteers were adequately instructed in terms of the amount to be applied of each formulation in their specific region.
Skin Water Content and TEWL Measurements
The water content of the epidermis and transepidermal water loss for all creams was performed with a Corneometer CM 825 and a Tewameter TM300 (Courage and Khazaka Electronic GmbH, Cologne, Germany). The measuring principle of the TEWL is based on Fick's diffusion law, indicating the quantity being transported per area and period of time, the TEWL value is expressed in g/m 2 h. The values of WCE considered are the mean of ten measurements on adjacent sites of the forearm expressed as arbitrary units (UA) [2, 13, 14] .
Ten measurements were made in each region of the volunteers' forearms, and the mean values obtained were calculated. The number of measurements made was determined according to the size of the region studied, in order to ensure that the whole site was evaluated.
Irritant Potential Analysis
For the HET-CAM, saline solution (0.9% NaCl w/v) and 0.1 N sodium hydroxide (NaOH) were used as a negative and positive control, respectively. All creams were diluted 1:1 with 0.9% NaCl. For each formulation tested, four fresh, fertile Leghorn eggs were used. The eggs were incubated at 37 ± 0.5 • C with a relative humidity of 65 ± 2% for 10 days. On the tenth day, the shell membrane was removed, exposing the chorioallantoic membrane (CAM). Visual analysis was used to verify if the CAM was suitable to test, then 300 µL of each formulation was placed on the CAM surface. After 20 s, the formulation was removed with saline solution. The CAM was observed under a magnifying glass for 5 min to determine the occurrence of any irritation effects in the CAM blood vessels (vascular lysis, hemorrhage, or coagulation). The vascular effects were observed according to the criteria described in the Protocol ICCVAM HET-CAM test method. Each formulation was classified according to the scores: 0-0.99 corresponding to nonirritant; 1.00-4.99 corresponding to slightly irritant; 5.00-8.99 corresponding to moderately irritant (MI); and 9.00-21.00 corresponding to severely irritant (SI) [15] .
The CM-700d Spectrophotometer (Konica Minolta, Tokyo, Japan), using the L*a*b* system color was used to assess the potential irritation of the formulations by verifying possible changes in skin color [16] .
Sensorial Analysis
To evaluate the acceptability of all creams, a questionnaire was completed by each volunteer, and assessed sensory attributes such as texture, odor, spreadability, and tackiness using a scale from 1 to 10.
Statistical Analysis
The results are expressed as means ± SD of at least three values. The difference between the measurements was statistically evaluated with the analysis of variance (ANOVA). Data statistical significance was fixed at p < 0.05.
Results and Discussion
Physicochemical Characterization of the Creams
Concerning the macroscopic characteristics, all creams appeared white, glossy, and as semimobile emulsions. The pH values, apparent viscosity, and droplet size are shown on Table 2 . The results obtained reveal pH and viscosity values acceptable for cutaneous application, and no significant differences were observed between these values for all creams (p < 0.05). As observed in Table 2 , the mean droplet size was between 0.41 and 0.52 µm, characteristic values of emulsions, and without large size variation.
The pH should ensure the stability of the ingredients of a formulation, their efficacy and safety, as well as being compatible with the intended route of administration. The formulations studied had the pH adjusted to slightly acidic values, as this was the ideal pH range (5.5-6.5) for the proposed purposes, and also to optimize the viscosity of the polymer used. The formulations showed well-formed droplets with small size variation, thus indicating greater stability of the emulsified system [11] .
The flow curves ( Figure 1) show that all formulations presented non-Newtonian behavior of the pseudoplastic type, where the viscosity of the fluid decreases with increasing shear rate.
The pseudoplastic behavior presented by all formulations is a desirable feature for emulsions since viscosity values are reduced with increased shear stress, facilitating application to the skin [17] . This type of behavior is frequent in formulations containing natural or synthetic gums and polymers [18] . Thus, all the creams designed within this work were appropriate for skin application. 
Evaluation of Skin Hydration and Barrier Function
The results obtained (Figure 2) showed that after two hours of application, the creams containing oils from licuri, catolé, spent coffee grounds, and sweet almonds significantly increase the epidermis water content (p < 0.05). The effect was more evident for the formulations containing oils from licuri and catolé. All the formulations studied produced a significant increase in stratum corneum moisture (p < 0.05) 20 days after daily application, when compared with the baseline values and with the placebo cream ( Figure 3) . Figure 4 shows TEWL was significantly reduced after 2 h application and 20 days after daily application, which may indicate an improved protection of the skin barrier function, only with formulations containing these oils under study (p < 0.05).
The evaluation of the immediate effects of cosmetic products is important because it allows verification of the action of these products on the skin soon after their application. Likewise, evaluating a dermocosmetic product under the actual conditions of use allows the scientific elucidation of its long-term effects on the skin.
Skin dryness is the most prevalent skin health problem globally and can impact the perception of well-being and quality of life [19] . Additionally, dry skin, redness, and cracking may increase the possibility of an infection because the skin barrier is damaged [20, 21] . The measurement of hydration in the surface layer of the skin and TEWL gives important information on the biophysical properties and function of the skin barrier. 
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Skin dryness is the most prevalent skin health problem globally and can impact the perception of well-being and quality of life [19] . Additionally, dry skin, redness, and cracking may increase the possibility of an infection because the skin barrier is damaged [20, 21] . The measurement of hydration in the surface layer of the skin and TEWL gives important information on the biophysical properties and function of the skin barrier. The WCE results were expressed in arbitrary units and values below 30 represent very dry skin, between 30 and 45, moderately dry skin and values greater than 45, sufficiently hydrated skin [22] . Therefore, it is perceived that the use of the formulations containing the oils under study contributed in a significant way to improve the hydration of the skin of the volunteers, who, in general, presented as dry skin.
As know, there is a correlation between stratum corneum (SC) hydration and TEWL values; lower TEWL indicates better skin barrier function [23] . In our experiments, all creams containing oils from catolé, licuri and spent coffee grounds increased Corneometer and decreased Tewameter measurements 2 h and 20 days after daily application, suggesting skin hydration.
There was no significant difference between the hydration profiles of the formulations containing the evaluated oils, although their composition is different, licuri and catolé oils have higher percentages of saturated fatty acids, primarily lauric acid [24] . The coffee grounds oil has a predominance of unsaturated fatty acids, including 44.7% linoleic acid [12] .
The sweet almond oil was used as a reference, because it has recognized moisturizing and toning properties of dry skin [25] , as confirmed in our study since the cream containing SwA Oil also increased WCE measurements.
Lipids play a significant role in the skin, fatty acids like linoleic, oleic, and lauric acid are naturally present in the skin triglycerides. Especially unsaturated fatty acids such as linoleic acid, which has recognized potential in terms of skin hydration by helping to maintain skin elasticity and combat its premature aging [1] . However, we can infer that in this case, the improvement on hydration and skin barrier function probably occurred by hindering water permeation through the skin. This means spreading an occlusive oily layer onto the stratum corneum surface or by The WCE results were expressed in arbitrary units and values below 30 represent very dry skin, between 30 and 45, moderately dry skin and values greater than 45, sufficiently hydrated skin [22] . Therefore, it is perceived that the use of the formulations containing the oils under study contributed in a significant way to improve the hydration of the skin of the volunteers, who, in general, presented as dry skin.
Lipids play a significant role in the skin, fatty acids like linoleic, oleic, and lauric acid are naturally present in the skin triglycerides. Especially unsaturated fatty acids such as linoleic acid, which has recognized potential in terms of skin hydration by helping to maintain skin elasticity and combat its premature aging [1] . However, we can infer that in this case, the improvement on hydration and skin barrier function probably occurred by hindering water permeation through the skin. This means spreading an occlusive oily layer onto the stratum corneum surface or by supplementation of skin lipids, and there's no specific relationship to the fatty acid compositions of each oil.
Previous literature shows that formulations containing oil from spent coffee grounds have multiple skin benefits on barrier function and skin hydration [12] when compared to baseline values, corroborating the results obtained in this study.
Irritant Potential
The HET-CAM is used to provide qualitative information on the potential effects occurring in the conjunctiva region following exposure to a substance. This assay has been widely used to assess the irritant potential of topical medicines and cosmetics that may come in contact with the eyes [10] . According to our results (Table 3 ) all creams were classified as nonirritant, suggesting that they are safe for topical application, including in the face. The results of color variation (a* parameter) did not shown statistically significant alterations (p < 0.05) for any of the tested creams, indicating that they did not promote irritation of the skin during the tests ( Figure 5 ). supplementation of skin lipids, and there's no specific relationship to the fatty acid compositions of each oil. Previous literature shows that formulations containing oil from spent coffee grounds have multiple skin benefits on barrier function and skin hydration [12] when compared to baseline values, corroborating the results obtained in this study.
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Sensorial Analysis
According the results of the sensorial evaluation (Figure 6 ), all creams met consumer appeal and acceptance requirements. However, the volunteers could not verify differences between the formulations.
Sensory assessments are important because they show consumers' perception and acceptability of products. The creams presented good acceptability and the volunteers were able to perceive a positive effect in the use of the formulations, however, without differentiating those that contained oil and placebo. 
Sensory assessments are important because they show consumers' perception and acceptability of products. The creams presented good acceptability and the volunteers were able to perceive a positive effect in the use of the formulations, however, without differentiating those that contained oil and placebo. This work showed that all creams containing these oils under study had significant hydration effects on the skin by increasing the water content of epidermis and on skin barrier function, which resulted in TEWL reduction when compared with the placebo and control area, and similar results when compared with formulations containing the positive control. This provides a sustainable, cheaper, and effective alternative to the oils of consecrated use in hydration and tonicity of the skin.
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